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IN TRODU CT ION
GaAs grown by molecular beam epitaxy (MBE) has traditionally been oriented in (100) to take advantage of the natural c1 eavage p1 anes normal to that crystal face, the smooth morphology of the epitaxial surface obtained with a large range of growth parameters, and the excell ent devi ce behavi or obtained with that ori entati on [1] . Layers of high quality (110) epitaxial GaAs grown by MBE are also of importance for many applications, as they promise increased efficiency of, e.g., avalanche devices which depend on ionization impact behavior [2] and optical modulators for integrated OPtics [3] . In addition, the recent interest of MBE GaAs/Si has made this successful, non-pol ar (110) GaAs growth a candi date to el iminate the sheet charge resulting from GaAs/Si growth on the polar (100) surface [4, 5] .
Until this work, all published MBE (110) GaAs/GaAs growths have shown highly defective surfaces with poor optical and electrical device behavior [6] [7] [8] [9] . Wood et al. found that the epitaxial behavior of the hi ghly faceted (110) face changed from n-type to p-type above a growth temperature above 550·C. Wang reported a more comprehensive study of (110) GaAs that showed metal droplet formation would cease and n-type behavior maintained if high As overpressure was used but faceting remained. Our previous study had determined the optimal growth parameters of substrate temperature, arsen ic overpressure, and growth rate[9] as judged by morphology and optimal electrical and optical behavior.
A careful investi gation of the facet geometry with respect to the (110) GaAs crystal surface has shown that they are aligned along [ Convergent beam electron diffraction in the TEM was used to determine the exact pol arity of the Ga or As ledges introduced on the substrate of the faceted epitaxial 1 ayer as described in [l1J, util izing the same convention and stereographic projection as this referen_ce.
By symmetry, the ledge nature of the successful substrate is determined. For these m~asurements, a 5145A wavel ength Ar 1 aser was used at -25mW to excite the GaAs crystals held at 4K.
RESUL TS
The four substrate orientations of 
DISCUSS ION
The introduction of ledges on a substrate surface can provide preferred sites for initiation of two dimensional growth which is inherent in the MBE process. The above results prove, however, that the nature of the ledges is decisive for growth on the non-polar (110) surface. The introduction of non-pol ar ledges does not improve the surface morphology over that of the perfect (110) surface. When a Ga and As pair bond to either the (110) surface or the non-polar ledge site to begin to create the next atomic layer, the bonding of the two atoms to the surface naturally exposes both types of {1ln pl anes on the epi taxi al 1 ayer. With the low sti ck ing coeffi ci ent of As, however, the Ga {Ill} provides the stable growth surface. Facets develop from the fast growing (lll)Ga surfaces with sides of (100) and (010) that fill in to form the facet shape[lOJ.
Thus, the non-polar. . . . . 
